Summary
The effect of Jew's mellow leaf powder and its water soluble viscous substance on cholesterol metabolism in rats fed a high cholesterol diet was examined. When compared to the controls, total serum and liver cholesterol concentrations were significantly decreased or tended to de crease in the groups given dry powder of fresh Jew's mellow leaves, dry powder purchased from the market or residual powder after extracting with ethanol, whereas no difference was observed in those given residual powder after extracting with water. There were significant increases or increasing tendencies in the fecal excretion of bile acids, total neutral sterols and cholesterol in those fed the experimental diets when compared to the control group. Rats fed a diet containing a water-soluble viscous substance (1.7%, about 1% as dietary fiber) obtained from the dry powder of Jew's mellow leaves showed significant decreases in serum and liver cholesterol concentrations and increases in fecal excretions of bile acids and neutral sterols. Based on the above, the component of dry also in Japan and called Moroheiya, and fresh leaves as well as products containing powder of dried leaves are available on the market. Jew's mellow leaves (JML) contains characteristically a kind of viscous substance, which is generally called mucilage. El-Mahdy and El-Sebaiy (1) first reported that this substance was a polysaccharide associated with protein. However, physiological functions of the viscous substance are not yet fully elucidated. The analysis of the powdered dry JML revealed that dietary fiber was contained at 30-40%, of which soluble dietary fiber (SDF) accounted for 20-25%. Viscous soluble dietary fibers are known to generally decrease serum and liver cholesterol (2) (3) (4) (5) (6) (7) . No report, however, has yet been made on the relation between dietary fiber contained in JML and cholesterol metabolism. We studied the effect of dried JML powder and the soluble viscous substance on cholesterol metabolism in rats fed a high cholesterol diet. 
RESULTS
Exp. 1 and 2 Table 3 shows the results obtained in the two experiments regarding some parameters. No significant differences were observed in body weight gain or food intake between the control groups and the JML groups. When compared to the control groups, the liver weight was significantly decreased or showed a decreasing tendency in the JML groups, while the cecal weight excluding the contents was significantly increased in the JML-F1 and JML-D 1 groups. However, the pH level of the cecal contents was significantly lowered in the two JML groups compared to the control groups. Serum and liver TC concentrations in the JML-F 1 and JML D 1 groups were lower than those in the control groups in both experiments.
Exp. 3 Table 4 shows the body weight gain, food intake, liver weight, cecal weight and fecal weight obtained in Exp. 3. No differences were observed between the control group and any of the groups given the experimental diets in body weight gain, food intake or liver weight. The weights of the cecum and its contents were significantly increased in the JML-D2, JML-F2 and JML-D2E groups compared to the control group, but not in the JML-D2W group. The changes in the wet weight and the wet/dry ratio of feces showed a similar tendency as those in the cecal content. Table 5 shows changes in the serum and liver lipid concentrations. Serum TC Table 3 . Effect of JML powder on body weight gain, liver and cecal weight, and cholesterol concentration in serum and liver of rats (Exp. 1 and 2). increasing tendency in the JML-D2E group, but conversely showed a decreasing tendency in the JML-D2W group. Excretion of cholesterol accounting for more than 50% of neutral sterols in feces showed exactly the same behavior as total neutral sterols.
Exp. 4 The experimental results are shown in Table 7 . No differences were observed between the two groups in the body weight gain and the food intake. In comparison with the control group, significant decreases were observed in the concentrations of serum TC and PL and liver TC and TG of the JML-SDF group. Both wet and dry weights of feces for six days were tended to decrease in the JML-SDF group. Fecal excretions of bile acids and neutral sterols per day were both significantly higher in the JML-SDF group than those of the control group.
DISCUSSION
Analysis of freeze-dried powder of JML revealed a high DF content compris ing 8.5% of SDF and 28.0% of insoluble DF (IDF) ( Table 1) . SDF accounts for roughly one-third of the total DF content. The viscous substance substantially dissolves in water and precipitates when ethanol is added, which is demonstrated by the fact that the freeze-dried product of the precipitate becomes viscous when dissolved in water. When animals were fed a high cholesterol diet containing JML powder at 5 % as DF, the same level as in the control group (cellulose), wet weight and wet weight/dry weight ratio of feces increased and the pH of the cecal contents lowered. Since no such effects were observed in the JML-D2W group which was given the residue obtained by washing the powder with water, it is assumed that the component resembling SDF was partially decomposed and fermented in the diges tive tract downstream of the cecum. Moreover, it was found that JML powder functioned to suppress significantly the elevation of serum and liver TC concentra tions in the hypercholesterolemic rats. JML powder contains protein, lipid and chlorophyll in addition to DF. Then, involvement of these components should not be disregarded in studying the effective component for suppressing the serum TC elevation as vegetable protein such as soybeans (12) (13) (14) (15) and chlorophyll (its derivatives) (16) are known to be effective for decreasing serum TC. However, despite a high protein content in the residue after extraction with water, a cholesterol-lowering effect was not seen. On the other hand, although the residue after extraction with ethanol hardly contained any lipids or chlorophyll, it was effective in decreasing of serum and liver TC. Based on the above, it was considered that the effective component of the JML powder must be contained in the water-soluble fraction. When the diet containing the JML-SDF sample at 1% as DF was given to hypercholestrolemic rats, elevations of serum and liver TC were suppressed compared to the control group. Fecal bile acid and neutral sterol excretions significantly increased in rats given JML samples or JML-SDF except for the JML-D2W group in Exp. 3 and 4. Water-soluble viscous dietary fibers are generally known to suppress the elevation of serum and liver TC in humans and animals alike (2-7). Although the mechanism of SDF to decrease cholesterol in rats fed a high cholesterol diet has not been clarified exactly, several factors are considered to be involved in such a mechanism (6, 7, 17) . One of the most convincing theories is that cholesterol turnover is accelerated concomitantly with increased excretion of cholesterol and bile acids because absorption of exogenous cholesterol and fat is decreased and enterohepatic circulation of bile acids is suppressed due to inhibited formation of bile acid micelles in the upper part of the digestive tract (6, 7). Kritchevsky and Story (18) summarized their studies on the effect of dietary fiber on cholesterol metabolism in experimental animals. Their data regarding SDF in rats reveal that SDF such as pectin and other gel-forming compounds have cholesterol-lowering action irrespective of presence/absence of cholesterol addition, although the extent of lowering depends on the level of SDF, types and levels of carbohydrates and lipids in the diet, the strain of rats and the rearing period. SDF seems generally to affect liver TC to a greater extent than plasma .(serum) cholesterol although there are some exceptions.
In some of our preliminary experiments on JML powder, serum TC was not always found to decrease significantly, as was the case in Exp. 2. Various factors are conceivably responsible for this; e.g. place and season of production of JML, the drying method and the shelf life of products purchased in the market, etc. Hardly any information is available on these matters. However, a significant decrease was observed in the liver TC concentration in all cases. This seems to coincide with the general effect of SDF on cholesterol metabolism in rats as summarized by Kritche vsky and Story (18) . Based on the foregoing, it is concluded that the effective component of JML powder that is related to suppressing elevation of serum and liver TC in rats fed a high cholesterol diet is contained in water-soluble fraction and that it corresponds to SDF. Although this effect is largely attributable to inhibited absorption of bile acids and cholesterol and consequent increased excretions, serum lipoprotein profile, synthesis and secretion of lipoprotein and cholesterol metabolic system in the liver need to be studied. Recent studies (19) stated a view that the effect of pectin was only temporarily seen immediately after dosing when cholester ol was not added to the diet. The water-soluble viscous substance contained in JML should also be studied with regard to its effectiveness in rats fed a diet without the addition of cholesterol.
